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TITLE OF THE INVENTION 

METHOD FOR MANUFACTURING LIQUID JET RECORDING HEAD 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method for 
manufacturing a liquid jet recording head which performs 

10 recording on a recording medium with droplets of recording 
liquid ejected from a fine discharge opening. 
Description of the Related Art 

A liquid jet recording head such as a thermal ink jet 
printing head, etc., employed in a liquid jet recording 

15 device comprises a plurality of fine nozzles (discharge 

openings) which eject recording liquid such as ink, etc., 
liquid chambers each of which is connected to one of the 
nozzles, and discharge energy generating elements (for 
example, a heater such as an electrothermal conversion 

20 element) each of which is placed in one of the nozzles. 

Recording is performed by applying driving signals 
corresponding to the information to be recorded to the 
discharge energy generating elements, supplying the 
discharge energy to the recording liquid inside the nozzle 

25 in which the discharge energy generating element is placed. 
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and caisctiar-ging flying droplets of thie recoirding liquid from 

the fine nozzle. 

There are various types of nozzles suggested for use in 

this type of liquid Jet recording head , and one example is 

5 explained with reference to Fig. 7. 

In Fig, 7, reference numeral 101 denotes a top plate 

(nozzle member) formed by a silicon wafer which is cut and 

polished so that the upper surface thereof comprises the 

<110> crystal plane. The top plate 101 is provided with a 

10 liquid chamber 102 which is a hole formed through the top 

Q plate 101 and serves to retain the recording liquid therein, 

LU 

Z and a plurality of nozzle grooves 103 (hereinafter referred 

O to simply as "nozzles"), connected to the liquid chamber 102, 

for discharging the recording liquid. An element substrate 
15 108 ( a heater board 10 8 ) comprises a silicon chip in which a 

number of heating members (heaters) 109 are provided as the 
discharge energy generating elements. 

As shown in Fig . 7 , the top plate 101 and the heater 
board 108 are closely jointed or bonded so that each of the 
20 nozzles 103 is arranged to oppose the respective heater 109 . 

The nozzles 103 and the surface of the heater board 108 
constitute thin and long discharge nozzles- At this time, 
the positions of the top plate 101 and the heater board 108 
are precisely adjusted to ensure that each of the heaters 
25 109 is placed inside the respective nozzle 103. The 
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recording liquid is supplied from a recording liquid tank 
(not shown) to the liquid chamber 102 and reaches the 
nozzles 103. The heaters 109 on the heater board 108 are 
controlled by a controlling circuit (also not shown) and are 
5 individualy energized according to printing data. The 

controlling circuit may be placed on the heater board 108 or 
may be formed on another substrate. 

Each of the heaters 109 individualy energized according 
to the printing data emits heat so as to heat the recording 

10 liquid contained in the nozzle 103. The heated recording 
liquid boils when a crucial temperature is reached and 
generates bubbles . These bubbles grow in a short period of 
time, i.e., in several ^is, and provide impact force to the 
recording liquid. Part of the recording liquid is pushed 

15 out from the discharge opening of the nozzle 103 as flying 
droplets due to the significant force of this impact and 
reaches the recording medium such as a sheet of paper, etc. 
An image is printed by repeating these steps. 

Next, a method for manufacturing the top plate (nozzle 

20 member) 101 will be explained with reference to Figs. 8A to 
8H and Figs. 8A' to 8H', according to steps thereof. It 
should be noted here that Figs. 8A to 8H on the left side 
are sectional views taken along a plane along the liquid 
discharging direction and Figs. 8A' to 8H' on the right side 

25 are end views viewed from the lower side (the surface 
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provided with nozzles) of the top plate. 

In Figs. 8A and 8A' , a silicon wafer 105 which 
constitutes the top plate (nozzle member) provided with the 
liquid chamber and the nozzles, has a <110> crystal 
5 orientation at the surface and a <111> crystal orientation 
of in the longitudinal direction of the nozzles. A silicon 
dioxide (Si02) thin-film 106 of 1 [iin in thickness is formed 
on both sides of the silicon wafer 105 by a deposition 
process such as a thermal oxidation process or a chemical 

10 vapor deposition (CVD) process, as shown in Figs. 8B and SB' 
The silicon dioxide thin-film 106 functions as a mask layer 
during anisotropic etching of the silicon. Then, one 
surface (the surface which will be provided with nozzles, 
hereinafter referred to as the "nozzle surface") of the 

15 silicon dioxide thin-film 106 is patterned into a shape of 
the nozzles and the liquid chamber combined, and the other 
surface is patterned into a shape of the liquid chamber by 
using a standard photolithography technique (Figs. 8C and 
8C'). The nozzle surface is coated with a silicon nitride 

20 (SiN) layer 107 by a method such as a CVD method (Figs. 8D 
and 8D') and is patterned into the shape of the liquid 
chamber (Figs. 8E and 8E')* 

Then, anisotropic etching is performed by immersing the 
wafer in an etchant such as a 22% tetramethylammonium 

25 hydroxide (TMAH) solution. Etching progresses along the 



exposed portion (i.e., the portion having the shape of the 
liquid chamber) of the silicon from both sides of the wafer 
during the anisotropic etching step, resulting in the 
formation of a through hole (the liquid chamber 102) as 
etching progresses (Figs. 8F and 8F'). 

The shape of etching shown in Figs. 8F and 8F' will be 
described below. The main purpose of the anisotropic 
etching is to form fine nozzles in the top plate (nozzle 
member) 101. Accordingly, patterning of the nozzles is 
selectively performed so that the <111> plane of the silicon 
is parallel to the nozzle wall. When the liquid chamber 102 
is substantially rectangular, a shorter side of the liquid 
chamber (through hole) 102 is left with a perpendicular 
plane after the etching because the <111> plane is provided 
perpendicular to the surface of the wafer. In contrast, 
since a longer side of the liquid chamber (through hole) 102 
comprises a number of <111> planes tilted by approximately 
30 degrees relative to the wafer surface, the surface of the 
longer side, composed of a number of planes, is not as 
perpendicular or smooth as that of the shorter side in a 
strict sense. 

Next, the silicon nitride layer 107 is removed by 
etching (Figs. 8G and 8G') to expose the nozzle pattern 
formed in the silicon dioxide thin-film 106 of Figs. 8C and 
8C • . Anisotropic etching using the TMAH solution is 
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performed again so as to etch the portion corresponding to 
the nozzles (Figs. 8C and 8C'). 

Because the <111> plane perpendicular to the wafer 
surface is provided in the liquid discharging direction, the 
5 cross-section of the nozzles 103 obtained by anisotropic 
etching is rectangular. In contrast, because there is no 
surface to inhibit the etching in the longitudinal direction 
^ of the nozzle, a nozzle wall 104 (see Fig. 9A) provided 

^ between the nozzles is etched from the rear side (the liquid 

J 10 chamber side) as well as the front side of the nozzle, 
=F resulting in over-etching in the longitudinal direction, 

y forming an angular shape. Accordingly, the silicon dioxide 

M thin-film serving as a mask layer may remain on the over- 

ry etched portion. In order to remove the silicon dioxide 

O^S thin-film, high-pressure air or high-pressure air containing 
water is sprayed on the wafer to remove only the silicon 
dioxide thin-film without damaging the silicon. A pressure 
of 100 to 200 kPa is sufficient for removing the thin-film 
of approximately 1 ^un in thickness when the method of 
20 spraying water by high-pressure air is performed. The 

entire silicon dioxide thin-film may also be removed by wet 
etching using a liquid mixture of ammonium fluoride and 
hydrofluoric acid. 

The shape of the top plate (nozzle member) 101 
25 fabricated by the above-described process is shown in Figs. 
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9A to 9C, When the patterning is performed to form the 
liquid chamber, both sides of silicon are patterned 
substantially the same in the drawings; however, the size of 
the pattern at the recording liquid supplying side (i.e., 
5 the upper surface in Fig. 7) may be reduced as long as a 

penetrating hole can be formed by anisotropic etching. From 
the point of view of connection with a recording liquid 
supplying member (not shown) and securing the wafer strength 
during the formation of the top plate, it is preferable that 

10 the pattern be smaller than that on the nozzle side. 

Because the above -described conventional method for 
fabricating the top plate (nozzle member) employs a silicon 
anisotropic etching technique to fabricate the top plate, 
the top plate can be produced by wafer- scale fabrication 

15 techniques, enhancing mass -productivity. Also, since a 

photolithography technique is employed to form the nozzles, 
the nozzles can be precisely formed with high density. 
However, the shape of the liquid chamber formed by 
anisotropic etching is complex, as shown in Figs. 9A to 9C. 

20 More particularly, whereas the <111> plane of silicon is 
perpendicular to the surface of the side wall in the 
longitudinal direction of the nozzle, there is no 
independent <111> plane in the arraying direction of the 
nozzles and the <111> plane meets the wall surface at an 

25 angle of 55 degrees and at an angle of 71 degrees in the 
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nozzle arraying direction. Consequently, when anisotropic 
etching is performed to form the liquid chamber, the liquid 
chamber is over-etched in the nozzle direction, leaving 
these two surfaces at the corners, and the resulting liquid 
5 chamber 102 has the complex shape shown in Figs. 9A to 9C. 

The liquid chamber is etched for a time period sufficient to 
form a penetrating hole. Since a typical wafer is 
approximately 0.6 mm thick from the point of view of 
strength, the wafer is subjected to anisotropic etching of 

10 approximately 0.3 mm in depth when the top plate is 

fabricated according to the steps shown in Figs. 8A to 8H 
and 8A' to 8H' . Since the over-etched amount in the nozzle 
direction is substantially the same as the depth, the chip 
size must be undesirably large, resulting in an inefficient 

15 chip size, and there is a problem in that the number of 

chips fabricated from one wafer is significantly reduced. 
Also, because the angled surfaces relative to the nozzle 
arraying direction remain in the vicinity of the liquid 
chamber inner side surfaces, flow resistance of the 

20 recording liquid differs according to the difference in the 
shapes of the liquid chamber at both ends and at a center 
region. In other words, because the conditions for 
refilling the recording liquid (the nozzles are refilled 
with recording liquid after being discharged) vary, 

25 discharge characteristics vary among the nozzles, causing 
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printing quality to vary and performance of the head to 
degrade . 

SUMMARY OF THE INVENTION 

5 

Accordingly, it is an object of the present invention 
to provide a method for manufacturing a liquid jet recording 
head in which the chip size of a top plate is reduced by 
forming a substantially rectangular liquid chamber by 

10 anisotropic etching and each nozzle has uniform and stable 

liquid discharging characteristics so as to achieve superior 
printing quality. 

To this end, the present invention provides a method 
for manufacturing a liquid jet recording head which includes 

15 an element substrate provided with a plurality of discharge 
energy generating elements for applying discharging energy 
to a recording liquid corresponding to an image data, a 
liquid chamber for storing the recording liquid, and a top 
plate having a plurality of nozzles and which is formed by 

20 jointing the element substrate and the top plate so that the 
respective discharge energy generating element and the 
respective nozzle faces one another, the method comprising: 
a step of forming compensation patterns extending to a 
liquid chamber region, on an anisotropic -etching mask- layer 

25 provided on a nozzle surface of the top plate in order to 
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form the nozzles and the liquid chamber by anisotropic 
etching; and a step of performing anisotropic etching of the 
top plate through the mask layer and forming the liquid 
chamber of substantially rectangular shape at the nozzle 
5 surface of the top plate by over-etching the portion with 
the compensation pattern. 

Preferably, the top plate is made of a silicon wafer 
having a surface of <110> plane. 

Preferably, the compensation patterns are comb- shaped 
10 and are arranged to oppose each other separated by a ladder- 
shaped opening region provided at the center portion of the 
liquid chamber region. 

More preferably, the compensation patterns are arranged 
to oppose each other separated by a substantially H- shaped 
15 opening region provided at the center portion of the liquid 
chamber region. 

Yet more preferably, the compensation patterns are 
designed by combining a line having an angle of 55"" relative 
to a <111> plane in the nozzle direction of the silicon 
20 wafer and a line having an angle of 71^ relative to the same 
<111> plane, and are arranged to oppose each other separated 
by an opening region in the center portion of the liquid 
chamber region. 

Most preferably, the compensation patterns are designed 
25 by combining a line having an angle of 55"" relative to a 
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<111> plane in the nozzle direction of the silicon wafer, a 
line having an angle of 71"^ relative to the same <111> plane, 
and lines extending in parallel to the nozzle arraying 
direction , and are arranged to oppose each other separated 
5 by an opening region in the center portion of the liquid 
chamber region. 

According to the method for manufacturing the liquid 
jet recording head of the present invention, the 
compensation patterns extending to the inner portion of the 

10 liquid chamber region is additionally provided on the mask 

layer for anisotropic etching when the top plate (nozzle 
member) is fabricated by silicon anisotropic etching, and 
the nozzle surface of the liquid chamber is formed to be 
substantially rectangular by over-etching the portion with 

15 the compensation pattern during the anisotropic etching. 

Thus, the chip size of the top plate can be reduced, the 
number of the chips obtained from a wafer is increased, and 
liquid discharging characteristics of every nozzle can be 
uniform and stable. 

20 Further objects, features and advantages of the present 

invention will become apparent from the following 
description of the preferred embodiments (with reference to 
the attached drawings ) . 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. lA to IH and lA' to IH' illustrate in a sequence 
a process of fabricating a top plate of a liquid jet 
recording head according to a method for manufacturing a 
liquid Jet recording head of a first embodiment of the 
present invention; 

Fig. 2A to 2C are detailed illustrations for explaining 
steps of forming a liquid chamber according to the method 
for manufacturing the top plate of the first embodiment of 
the present invention, wherein Fig. 2A illustrates a state 
in which a mask pattern for forming the liquid chamber is 
formed. Fig. 2B illustrates a state in which anisotropic 
etching for forming the liquid chamber is in progress, and 
Fig. 3C illustrates a resulting shape of the liquid chamber 
formed by anisotropic etching; 

Figs. 3A to 3C are detailed illustrations for 
explaining steps for forming a top plate according to a 
second embodiment of the present invention, wherein Figs. 3A 
to 3C Illustrate states similar to Figs. 2A to 2C, 
respectively; 

Figs. 4A to 4C are detailed illustrations for 
explaining steps for forming a top plate according to a 
third embodiment of the present invention, wherein Figs. 4A 
to 4C illustrate the states similar to Figs. 2A to 2C, 
respectively; 



Figs- 5A to 5C are detailed illustrations for 
explaining steps for forming a top plate according to a 
fourth embodiment of the present invention, wherein Figs. 5A 
to 5C illustrate the states similar to Figs. 2A to 2C, 
respectively; 

Figs. 6A to 6C are detailed illustrations for 
explaining steps for forming a top plate according a fifth 
embodiment of the present invention, wherein Figs. 6A to 6C 
illustrate states similar to Figs. 2A to 2C, respectively; 

Fig. 7 is a perspective view showing an example of the 
structure of a liquid jet recording head; 

Figs. 8A to 8H and 8A' to BH' illustrate in a sequence 
a conventional process of fabricating a top plate according 
to a conventional method for manufacturing a liquid jet 
recording head; and 

Fig. 9A to 9C illustrate the top plate fabricated by 
the conventional process. 

DESCRIPTION OF THE PREFERRED EMBQDIMENTc^ 

Now, preferred embodiments of the present invention are 
described with reference to the drawings. 

A first embodiment of the method for manufacturing a 
liquid jet recording head of the present invention is 
described by referring to Figs. lA to IH and lA' to IH' and 
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Figs. 2A to 2C. 

Figs. lA to IH and lA' to IH' illustrate in a sequence 
a process of fabricating a top plate of a liquid jet 
recording head according to a method for manufacturing a 
liquid jet recording head of a first embodiment of the 
present invention. Fig. 2A to 2C are detailed illustrations 
for explaining steps of forming a liquid chamber according 
to the method for manufacturing the top plate of the first 
embodiment of the present invention. Fig. 2A illustrates a 
state in which a mask pattern for forming the liquid chamber 
is formed. Fig. 2B illustrates a state in which anisotropic 
etching for forming the liquid chamber is in progress, and 
Fig. 2C illustrates a resulting shape of the liquid chamber 
formed by anisotropic etching. 

In Figs. lA to IH and lA' to IH' for explaining a 
process of fabricating the top plate according to the first 
embodiment of the present invention. Figs. lA to IH on the 
left side are sectional views of the top plate cut along a 
plane parallel to the liquid discharging direction. Figs. 
lA' to IH' on the right side are the bottom views of the 
lower surface (the surface provided with nozzles) of the top 
plate. 

In Figs. lA and lA' , a silicon wafer 5 which is the 
material of the top plate 1 for forming a liquid chamber 2 
and nozzles 3 has a <110> crystal orientation at the surface 
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and a <111> crystal orientation in the longitudinal 
direction of the nozzle. A silicon dioxide (Si02) thin-film 
6 of 1 fiin in thickness is formed on both sides of the 
silicon wafer 5 by a deposition process such as a thermal 
5 oxidation process or a chemical vapor deposition (CVD) 

process, as shown in Figs. IB and IB'. The silicon dioxide 
thin- film 6 functions as a mask layer during silicon 
anisotropic etching for forming the nozzles 3, Then, one 
surface (the surface which will be provided with nozzles, 

10 hereinafter referred to as the "nozzle surface") of the 

silicon dioxide thin-film 6 is patterned into a shape of the 
nozzles and the liquid chamber combined, and the other 
surface is patterned into a shape of the liquid chamber by 
using a standard photolithography technique (Figs. IC and 

15 IC). 

The nozzle surface is coated by a silicon nitride (SiN) 
layer 7 by a method such as a CVD method (Figs. ID and ID') 
and is patterned into a shape of a liquid chamber (Figs. IE 
and IE ' ) . In this embodiment , the liquid chamber is formed 

20 as a ladder-shaped opening region 13, which is a ladder- 
shaped window exposing the silicon wafer 5 as shown in 
detail in Fig. 2A. The silicon wafer 5 is exposed in this 
region only. More particularly, a mask pattern for forming 
the liquid chamber in this embodiment comprises , as shown in 

25 Fig. 2A, comb-shaped compensation patterns 10 arranged to 
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oppose each other from the nozzle side and the side opposite 
the nozzle side. The region to be opened is not rectangular 
and is a ladder- shaped opening region 13 comprising a narrow 
line 11 at the center portion of the predetermined region 
5 for forming the liquid chamber extending in parallel to the 
nozzle arraying direction, and a plurality of branches 12 
which extend perpendicular to the nozzle arraying direction 
from one side of the line 11 to the other side of the line 
11 (from the nozzle side to the side opposite the nozzle 
10 side). 

Then, anisotropic etching is performed by simmering the 
wafer in an etchant such as a 22% tetramethylammonium 
hydroxide (TMAH) solution. Etching is performed along the 
exposed portion of the silicon wafer 5 (i.e., along the 
15 patterned shape) on both sides of the wafer, resulting in 
the formation of a through hole (the liquid chamber 2) as 
etching progresses in two opposing directions (Figs. IF, IF', 
and 2C) . 

Now, the anisotropic etching process for forming the 
20 liquid chamber on the nozzle surface will be described in 
detail. In early stages, the silicon wafer 5 is etched 
according to the ladder- shaped opening region 13 which is 
the region between the patterned comb- shaped compensation 
patterns 10 arranged to oppose each other. Because the 
25 silicon wafer 5 is not etch-resistant in the nozzle arraying 
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direction, the portions closest to the nozzles (indicated by 
reference numeral 14 in Fig. 2A) cannot be etched to be 
parallel to the nozzle arraying direction and are over- 
etched at an angle of 55"" and at an angle of 71°. The comb- 

5 shaped compensation pattern 10 is etched according to the 
pattern of the silicon nitride layer 7 in early stages; 
however, because a rate of over-etching increases at the 
corner portions compared to the rate at the surface portions, 
over-etching gradually progresses at the corners of tip 

0 portions 15 close to the center of the liquid chamber in the ^ 
comb-shaped compensation pattern 10. As a result, the shape 
of the liquid chamber at a middle stage of the anisotropic 
etching is as shown in Fig. 2B. 

The silicon wafer 5 is further etched until the entire 

5 portion of the compensation pattern 10 is completely etched 
in order to form the liquid chamber 2 which is substantially 
rectangular, as shown in Fig. 2C. 

Regarding the size of the comb-shaped compensation 
pattern 10, by setting a length a of each tooth portion to 

3 half the thickness of the top plate 1, a penetrating hole 

which serves as the liquid chamber can be formed before the 
over etching of the compensation pattern 10 is completed. 
An interval b between the teeth of the compensation pattern 
10 depends on how much over etching is done at the portions 

3 14 closest to the nozzles 3, and the amount of over etching 
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is approximately 0.24 times the interval b between the tooth 
of the compensation pattern 10. Consequently, in order to 
eliminate variations in refilling rate due to the shape of 
the liquid chamber, the interval b between the teeth of the 
compensation pattern 10 is preferably 500 \m or less. 

As is apparent from the above description, because the 
top plate of the present embodiment is penetrated and is 
provided with the substantially rectangular shaped liquid 
chamber having the sides substantially parallel to the 
nozzle arraying direction, raw material can be used 
effectively and the top plate having uniform liquid 
discharging characteristics can be obtained. It should be 
noted that the pattern at the recording liquid supplying 
side (i.e., the side opposite the nozzle surface) may be 
reduced in size so as to barely allow a hole to penetrate by 
the anisotropic etching. Preferably, from the point of view 
of connecting to the recording liquid supplying member and 
securing the wafer strength during the fabrication of the 
top plate, the pattern at the recording liquid supplying 
side is smaller than that at the nozzle surface. 

Next, the silicon nitride layer 7 on the nozzle surface 
is removed by etching (Figs. IG and IG'). The nozzle 
pattern formed in the silicon dioxide thin-film 6 in Figs. 
IC and IC is exposed and anisotropic etching using a TMAH 
solution is performed once again to etch the part 
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corresponding to the nozzles and to form the nozzles 3 (Figs. 
IH and IH'). Although the liquid chamber 2 etched as shown 
in Figs. IF and IF' may also be etched at this stage, the 
time period required for etching the nozzles 3 is relatively 
5 short compared to that required for etching the liquid 
chamber 2 and the shape of the liquid shape is barely 
effected. Alternatively, the etching for forming the liquid 
chamber 2 may be performed for a shorter period of time by 
taking into consideration the period required for the nozzle 

10 etching so as to ultimately obtain the desired shape. 

Each nozzle 3 obtained by anisotropic etching has a 
rectangular cross-section because there are <111> planes 
perpendicular to the wafer surface in the liquid discharging 
direction. However, there are no planes to inhibit the 

15 etching in the longitudinal direction of the nozzle. Thus, 
as a nozzle wall 4 between the nozzles is etched from both 
the nozzle rear-end side (the liquid chamber side) and the 
nozzle front-end side, the nozzle wall 4 is over-etched in 
the longitudinal direction so as to form an angular shape. 

20 Accordingly, the silicon dioxide thin-film 6 serving as the 
mask layer remains on the over etched portion. In order to 
remove the silicon dioxide thin-film 6, the wafer is sprayed 
with high-pressure air or high-pressure air containing water 
to remove only the silicon dioxide thin-film 6 without 

25 damaging the silicon wafer 5. A pressure of 100 to 200 kPa 



is sufficient for removing the thin -film of approximately 1 
\m in thickness when the method of spraying water by high- 
pressure air is performed. The entire silicon dioxide thin- 
film 6 may also be removed by wet etching using a liquid 
mixture of ammonium fluoride and hydrofluoric acid. 

After the top plate 1 provided with the liquid chamber 
2 and the nozzles 3 is obtained, a liquid jet recording head 
is fabricated by closely Jointing or by bonding the top 
plate 1 to a heater board as shown in Fig. 1, 

As described above, according to this embodiment, the 
top plate (nozzle member) is formed by silicon anisotropic 
etching and can be manufactured in the form of a wafer. 
Thus, the top plate is suitable for mass production. Also, 
by forming nozzles using a photolithography technique, the 
nozzles can be precisely formed at high density. Since the 
shape of the liquid chamber at the nozzle surface of the top 
plate is substantially rectangular, the chip size of the top 
plate can be reduced and the number of top plates obtained 
from one wafer can be increased. Since there are no planes 
having angles relative to the nozzle arraying direction 
remaining in the vicinity of the liquid chamber side 
surfaces, contrary to the conventional art, the liquid 
discharging characteristics of every nozzle can be made 
uniform and uniform printing quality can be achieved. 

A second embodiment of a method for manufacturing a 
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liquid jet recording head of the present invention is now 
described with reference to Figs. 3A to 3C. 

In the above -described first embodiment, the 
compensation pattern 10 is formed so that the tooth portion 
5 thereof oppose those of the opposing pattern from the nozzle 
side and the side opposite the nozzle side. In the second 
embodiment, a comb-shaped compensation pattern 20 is 
provided only in the nozzle side due to the size of the top 
plate, as shown in Fig. 3A. The manner in which anisotropic 

10 etching is performed by using the compensation pattern 20 is 

identical to that in the first embodiment, and the resulting 
substantially rectangular shape of the liquid chamber 2 is 
also obtained in this embodiment. Since the rest of the 
process is similar to that of the first embodiment and the 

15 similar elements are given the same reference numerals, a 
detailed description is omitted. 

Next, a third embodiment of a method for manufacturing 
a liquid jet recording head of the present invention is now 
described with reference to Figs. 4A to 4C. 

20 As shown in Fig. 4A, this embodiment differs from the 

first embodiment in that the compensation pattern is large 
so as to reduced the over-etching amount and that an opening 
region in the silicon nitride layer which determines the 
size of the liquid chamber is provided at each end portion 

25 of the liquid chamber. Since the rest of the process is 
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Similar to that of the first embodiment and the similar 
elements are given the same reference numerals, a detailed 
description is omitted • 

The compensation patterns 30 of this embodiment are 
5 arrange to oppose each other from the nozzle side and the 

side opposite the nozzle side. There is a substantially H- 
shaped opening region 33 comprising a narrow line 31 at the 
center portion of a predetermined region for the liquid 
chamber extending in parallel to the nozzle arraying 
10 direction and branches 32 each of which is provided at the 

end portion of the liquid chamber and extends in a direction 
perpendicular to the nozzle arraying direction at both sides 
(the nozzle side and the side opposite the nozzle size) of 
the line 31. 

15 Vftien the top plate 1 provided with the compensation 

patterns 30 is immersed in an etchant such as a TMAH 
solution and is subjected to anisotropic etching as in the 
first embodiment, in portions 34 at the vicinity of the 
compensation pattern 30, the amount of over-etching is small, 

20 as in the case of the first embodiment. In portions 35 
close to the nozzles of the compensation pattern 30, the 
over-etching gradually progresses from the corners. Since 
the over etching rate is increased in the corner portions 
compared to that in the flat portions, the liquid chamber is 

25 etched to have a shape shown in Fig. 4B and ultimately a 
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shape shown in Fig. 4C is obtained • 

When the compensation pattern 30 of this embodiment is 
employed, the over- etching rate is decreased. The 
compensation pattern of this embodiment is suitable for a 
5 top-plate chip with a reduced depth. 

Next, a fourth embodiment of a method for manufacturing 
a liquid jet recording head of the present invention is 
described with reference to Figs. 5A to 5C. 

The pattern of this embodiment is designed along the 

10 <111> plane of the silicon wafer. Compensation patterns 40 
are formed by lines 41 having an angle of 55° relative to 
the <111> plane in the nozzle direction and lines 42 having 
an angle of 71° relative to the same <111> plane. The 
compensation patterns 40 are arranged to oppose each other 

15 from the nozzle side and the side opposite the nozzle side 
to form an opening region 44 therebetween. The opening 
region 44 is provided in the center portion of a 
predetermined region for forming the liquid chamber. Since 
the rest of the process is similar to that of the first 

20 embodiment and the similar elements are given the same 
reference numerals, a detailed description is omitted. 

By using the compensation patterns 40 of this 
embodiment, etching proceeds along the <111> plane and over- 
etching barely occurs in the vicinity of the nozzles. At 

25 the same time, as shown in Fig. 5B, over-etching is carried 



out from the corners so as to ultimately obtain the 
rectangular -shaped liquid chamber shown in Fig. 5C, as in 
the first embodiment. 

Next, a fifth embodiment of a method for manufacturing 
a liquid jet recording head of the present invention is 
described with reference to Fig. 6. 

A pattern of this embodiment is designed by combining 
the pattern designed along the <111> plane of the silicon 
wafer and the pattern extending in the nozzle arraying 
direction. Compensation patterns 50 are formed by combining 
lines 51 having an angle of 55'' relative to the <111> plane 
in the nozzle direction, lines 52 having an angle of 71° 
relative to the same <111> plane, and lines 53 which extend 
in parallel with the nozzle arraying direction. The thus 
formed compensation patterns 50 are arranged to oppose each 
other from the nozzle side and the side opposite the nozzle 
side. An opening region 54 is formed between the opposing 
compensation patterns 50 and at the center portion of the 
predetermined region for forming the liquid chamber. Since 
the rest of the process is similar to that of the first 
embodiment and the similar elements are given the same 
reference numerals, a detailed description is omitted. 

When a desired shape cannot be obtained due to the 
thickness of the top plate or the size of the liquid chamber 
by employing the compensation patterns 40 of the 
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aforementioned fourth embodiment, the pattern designed along 
the <111> plane of the silicon wafer and the pattern in the 
nozzle arraying direction may be combined to adjust the rate 
of over-etching. The rectangular- shaped liquid chamber as 
5 shown in Fig. 6C can be ultimately obtained by using the 
compensation patterns 50 of the fifth embodiment. 

The shape of the top plate (nozzle member) fabricated 
by the present invention is not limited to the shape shown 
in Fig. 7. For example, valves may be formed on the heater 
10 board in order to discharge the liquid efficiently. The top 
plate fabricated by the present invention is particularly 
suitable for forming valves since the perpendicular nozzle 
walls do not inhibit the valves from moving freely and 
rapidly. 

15 While the present invention has been described with 

reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 

20 modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
equivalent structures and functions. 



